Bioassay-guided fractionation from the whole plant of Physalis angulata led to the isolation of a novel physalin, 25-hydroxylisophysalin B (1), together with three megastigmane glucosides (2-4) and eight known physalins (5-12). The structure of compound 1 was elucidated by analysis of spectroscopic data. All of the compounds exhibited cytotoxic activities against MCF-7 human mammary cells and HepG2 human hepatoma cells.
Physalis angulata L. is annual herb belonging to the family Solanaceae, which is used as a medicinal plant for the treatment of malaria, asthma, hepatitis, dermatitis, liver disorders, rheumatism and tumors [1] [2] [3] [4] . Physalins are the main active steroidal constituents in Physalis angulata L, which biogenetically belong to the withanolides termed 16,24-cyclo-13,14-secosteroids [5] [6] . Interestingly, most of these steroids demonstrated diverse pharmacological activities, including anticancer, antimalarial, antileukemic, antipyretic and antioxidant properties [7] [8] [9] [10] . In our early study, the CH 2 Cl 2 extract from the whole plant of Physalis angulata showed strong cytotoxic activity against MCF-7 human mammary cells with IC 50 value of 22.5 g/mL. Thus, we isolated the cytotoxic compounds by the bioactivity-guided assay. In this paper, bioassay-guided fractionation on Physalis angulata led to the isolation of one new physalin, 25-hydroxylisophysalin B (1), together with eleven known compounds, (6S,9S)-roseoside (2) [11] , (6S,9R)-roseoside (3) [12] , byzantionoside B (4) [13] , Physalins B-D (5-7) [14] [15] [16] [17] , Physalin F (8) [18] , Physalin H (9) [19] , Physalin I (10) [20] , Physalin O (11) [21] , and 5α-ethoxy-6β-hydroxy-5,6dihydrophysalin B (12) [22] . Herein, we report the isolation, structure elucidation, and the cytotoxic activities of these compounds.
Compound 1 was obtained as white amorphous powder. Its molecular formula was determined to be C 28 H 30 O 10 on the basis of HRESIMS data, indicating 14 degrees of unsaturation. The 1 H NMR spectrum (in DMSO-d6 , Table 1 ) of 1 showed three methyl singlets at δ 1.12 (H-28), 1. (Table 1 ) and HSQC spectra for 1 displayed 28 carbon signals differentiated as three methyls, six methylenes (including an oxygenated at δ 64.6), seven methines (including three olefins at δ 128.1, 125.7, and 122.6, an oxygenated at δ 76.6), and twelve quarternary carbons (including two keto carbonyl at δ 209.8 and 209.2, two ester carbonyl at δ 171.5 and 168.4, one olefin at δ 140.4, five oxygenated at δ 106.2, 80.4, 79.5, 78.3, and 73.6). The NMR spectra of 1 were similar to those of isophysalin B, suggesting that 1 was a physalin.
Analysis of the 2D NMR including ( 1 H-1 H COSY, HSQC, and
HMBC spectra) allowed for the establishment of two double bonds in A/B rings. The HMBC correlations ( Figure 2 ) from H-4 to C-2, C-5, and C-6, from H-3 to C-1 and C-2, and from H-19 to C-1, C-5, and C-10, confirmed that the conjugated diene system was located at C-3, C-4, C-5, and C-6. The connectivity of the two olefinic protons and methylene (H-2, H-3, and H-4) was also assigned from the COSY data. HMBC correlations from H-27 to C-14, C-24, and C-25 and from H-28 to C-16 and C-25 indicated that an OH group was presented at C-25. The NOESY spectrum of 1 (in DMSO-d6) exhibited NOE correlations between 27-OH and H-22, suggesting that 27-OH group had a -orientation. On the basis of 1 H, 13 C, and 2D NMR (HSQC, HMBC, 1 H-1 H COSY, and NOESY) data, the structure of 1 was unambiguously established as 25hydroxylisophysalin B.
By comparison of the NMR data with the literatures, 11 known compounds were identified as eleven known compounds,(6S,9S)roseoside (2) [11] , (6S,9R)-roseoside (3) [12] , byzantionoside B (4) [13] , Physalins B-D (5-7) [14] [15] [16] [17] , Physalin F (8) [18] , Physalin H (9) [19] , Physalin I (10) [20] , Physalin O (11) [21] , and 5α-ethoxy-6β-hydroxy-5,6-dihydrophysalin B (12) [22] . All compounds were tested for their inhibitory activities against MCF-7 human mammary cells and HepG2 human hepatoma cells, with IC 50 values from 1.8-63.5 μM, in which 5 and 9 exhibited strongest cytotoxic activities ( Table 2 ). 
Extraction and Isolation:
The air dried entire plant of P. angulata (6.2 kg) were crushed with a bender and refluxed with 95% MeOH for three times (2 h, each), which afforded a dark residue (352 g) after solvent evaporation under reduced pressure, then it was dissolved in water to form a suspension, and extracted respectively with CHCl 3 , EtOAc, and n-BuOH. The CHCl 3 fraction (94 g) was chromatographed on a silica gel column using a gradient of CH 2 Cl 2 -CH 3 OH (100:1 to 0:100), which yielded 11 fractions (Fr. 
Assay for cytotoxic activity:
The cytotoxic activities of compounds 1-12 against human lung adenocarcinoma strain MCF-7 were determined using the 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2-H-tetrazolium bromide (MTT) assay. The MCF-7 cells were maintained in DMEM containing 10% Fetal Bovine Serum (FBS) and 0.4 % Penicillin-Streptomycin Solution (100X) at 37°C under 5% CO 2 . When the cells showed logarithmicgrowth, diluted them to a concentration of 1×10 4 cells /mL, the diluted cell suspensions (200 L, containing 2000 cells per well) were placed into 96-well A cytotoxic physalin from Physalis angulata Natural Product Communications Vol. 12 (10) 2017 1591 microtiter plates and incubated at 37 o C for 24 h, at a 5% CO 2 atmosphere. Then the cultures were exposed for 72 h to the tested, the control was free from the test samples. After incubation, every well was added with the MTT solution and maintained for another 4 h. The supernatantliquid was removed, the cells were fixed and stained with 150 L DMSO for 10 min. The absorption was measured at 570 nm in an Ultra Microplated Reader (Elx 808, BIO-TEX Instruments, Inc.).
Supplementary data:
Supplementary data associated with this article can be found in the online version.
